We study the steady state distribution of reaction diffusion equations with strong Allee effect type growth and constant yield harvesting (semipositone) in heterogeneous bounded habitats. Assuming the exterior of the habitat is completely hostile, we establish existence results for positive solutions. We also establish a multiplicity result for the non-harvested case. We obtain our results via the method of sub-super solutions.
This Allee effect is strong if the per capita growth rate is negative at low population densities, that is, f (x, u) is negative for u small and is weak if per capita growth rate is positive at low population densities, that is, f (x, u) is positive for u small. A strong Allee effect introduces a threshold in the population. The population must overcome this threshold to grow, where as weak Allee does not have a threshold (see [41] ). In Clark [6] a strong Allee effect is called critical depensation and a weak Allee effect is called a noncritical depensation. A population with strong Allee effect is also called asocial by Philip [30] . Most people regard the strong Allee effect as the Allee effect (see [8, 13, 18, 41] ).
In this paper, we consider the dispersal and evolution of species on a bounded domain Ω (in R We also consider the constant yield harvesting of the population and assume the exterior of the habitat is completely hostile. Hence we study the model:
Here cα(x), with α : Ω → [0, 1] and c 0 a parameter, represents the constant yield harvesting. We assume α is a C μ function. In applications, a typical α(x) is not only zero on the boundary, but it is also zero close to the boundary.
In the literature there have been many studies that consider density dependent harvesting. However, constant yield harvesting is favored in fishery management problems since harvesting is regulated by respective authorities (see e.g., [5, 25] for the case of Atlantic bluefin tuna). This was also confirmed by Selgrade and Roberds in [35] .
The main goal here is to determine the long time dynamical behavior of the population, i.e., to study the (steady state) solutions to:
Here we have assumed d = 1. We consider also the case without harvesting i.e.,
x ∈ ∂Ω. Note that (1.3) is a semipositone problem due to the presence of the constant yield harvesting term. It is well known in the literature that the study of positive solutions to semipositone problems is mathematically challenging (see [4, 22, 29] ). See [29] where such a model was discussed for the logistic growth case with constant coefficients. Here we deal with the more difficult strong Allee effect growth. We also do not restrict our analysis to models with just constant coefficients.
We establish our result via the method of sub-super solutions. By a sub-solution we mean a function
x ∈ ∂Ω, (1.5) and by a super-solution a function v ∈ C 2 (Ω) such that
Then it is well known (see [3, 31] 
Proof of Theorem 1.1
We will first prove Theorem 1.1(a) by a contradiction.
Let λ 1 be the principal eigenvalue of the operator − with Dirichlet boundary conditions and φ 1 > 0 in Ω be a corresponding eigenvector. Let u be a positive solution of (1.3). Then by the Green's identity, we have
a contradiction to (2.2). Hence (1.3) has no positive solution and Theorem 1.1(a) is proven. Note that conclusion of Theorem 1.1(a) holds for
We now prove Theorem 1.1(b). We observe that
Clearly (2.3) is not satisfied for c large and hence Theorem 1.1(b) holds.
Proof of Theorem 1.2
In this section, we first prove an existence result for
x ∈ ∂Ω.
(3.1) 
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Next we also note that
Hence there exists b
and
tends to infinity as b 0 tends to infinity. Thus there exists b
0 we have
For a given a 0 > 0, h 1 > 0, defineb 0 := max{b Proof. First we prove that ψ =
Also for x ∈ Ω − Ω δ ,
Hence ψ = 
x ∈ ∂Ω. 
Also R is an increasing function of b 0 . Thus Rm − σ is an increasing function of b 0 . Next since r R decreases as b 0 increases, we deduce from (3.6) that 
by the maximum principle every solution u of (1.3) (for any c) must be such that u M (note that M is independent of c). Also it is easy to see that φ ≡ M is a super-solution of (1. 
Proof of Theorem 1.4
In this section we prove the multiplicity of solutions to (1.4) . To prove our result we first recall a multiplicity result discussed in [3, 32] for the problem:
where q is a non-negative constant and f ∈ C μ (Ω × I), with μ = 1 if N = 1 and 0 < μ < 1 if N 2, where I is a closed interval in R with non-empty interior. 
and thus
Hence ϕ 1 is a strict super-solution of (1.4). 
